We present the major results from studies of fire history over the last 11000 years (Holocene) in southern Sweden, on the basis of palaeoecological analyses of peat sequences from three small peat bogs. The main objective is to emphasize the value of multiple, continuous sedimentary records of macroscopic charcoal (macro-C) for the reconstruction of local to regional past changes in fire regimes, the importance of multi-proxy studies, and the advantage of model-based estimates of plant cover from pollen data to assess the role of tree composition and human impact in fire history. The chronologies at the three study sites are based on a large number of 14 C dates from terrestrial plant remains and age-depth models are achieved using Bayesian statistics. Fire history is inferred from continuous records of macro-C and microscopic charcoal counts on pollen slides. The Landscape Reconstruction Algorithm (LRA) for pollen-based quantitative reconstruction of local vegetation cover is applied on the three pollen records for plant cover reconstruction over the entire Holocene. The results are as follows: (1) the long-term trends in fire regimes are similar between sites, i.e., frequent fires during the early Holocene until ca. 9 ka BP, low fire frequency during the mid-Holocene, and higher fire frequency from ca. 2.5 ka BP; (2) this broad trend agrees with the overall fire history of northwestern and western Europe north of the Mediterranean area, and is due to climate forcing in the early and mid-Holocene, and to anthropogenic land-use in the late Holocene; (3) the LRA estimates of plant cover at the three sites demonstrate that the relative abundance of pine played a primordial role in the early and mid-Holocene fire history; and (4) the between-site differences in the charcoal records and inferred fire history are due to local factors (i.e., relative abundance of pine, geomorphological setting, and anthropogenic land-use) and taphonomy of charcoal deposition in the small peat bogs. It is shown that continuous macro-C records are most useful to disentangle local from regional-subcontinental fire history, and climate-induced from human-induced fire regimes, and that pollen-based LRA estimates of local plant cover are more adequate than pollen percentages for the assessment of the role of plant composition on fire history. fire history, land-use history, charcoal analysis, Landscape Reconstruction Algorithm (LRA), Holocene, Småland, Sweden
Fire history on long or short time scales is used as an indicator of climate change and/or human impact (e.g., Mooney et al., 2001; Black and Mooney, 2006; Power et al., 2008; Rius et al., 2011; Kasin et al., 2013; Vannière et al., 2011 Vannière et al., , 2013 Molinari et al., 2013) and is assumed to have been a major factor in shaping biodiversity through time at the landscape-, habitat-and species-level scales (e.g., Lindbladh et al., 2003 Lindbladh et al., , 2008 Ohlson et al., 2011; Colombaroli and Tinner, 2013; Jansen et al., 2013a,b) . Moreover, global warming is expected to cause more fires as a result of an increase in drought, wind, and lightning in certain regions of the world (IPCC Report 2007 , 2013 . Therefore, a better understanding of the relationships between climate, human impact, and fire will allow improving predictions for the future. In this context, past records of climate-induced and human-induced changes in fire frequency and intensity are invaluable to provide major information on the processes involved in these relationships over various temporal and spatial scales (e.g., Power et al., 2008; Marlon et al., 2008) .
Whereas studies in America and Australia have discussed the fire-climate relationships (e.g., Harrison and Dodson, 1993; Haberle and Ledru, 2001; Black and Mooney, 2006) , few European investigations have correlated fire history with climate change until recently (e.g., Vannière et al., 2011 Vannière et al., , 2013 . Many studies instead discussed human activity as a cause of fire in the past, although Tinner et al. (1999) suggested that increased fire in the Alps 7000-5000 calibrated 14 C years before present (1000 cal a BP henceforth expressed as "ka BP") resulted from the combined effects of intensified land-use activities and centennial-scale shifts to warmer and drier climatic conditions. In an analysis of the Global Charcoal Database, Power et al. (2008) suggested that fire activity in Europe was greater than present during the early Holocene (8.5-6.5 ka BP) and late Holocene (3-0.5 ka BP), and lower than present during the mid-Holocene (6.5-3 ka BP). Fire during the late Holocene is ascribed to the use of fire as a tool for deforestation or land management during this period, whereas increased seasonality and biomass is assumed to have regulated the early Holocene fire regimes (Power et al., 2008) . Molinari et al. (2013) came to similar conclusions in a new analysis of all charcoal records in Europe.
Except from the detailed studies in eastern Finland (e.g., Pitkänen et al., 2001 Pitkänen et al., , 2002 , the early and mid-Holocene long-term fire history of European boreal and hemiboreal forests is still poorly known. In contrast, many studies of the late Holocene were undertaken and several syntheses of the late Holocene charcoal records in southern and central Scandinavia were recently published (e.g., Bradshaw et al., 2010; Ohlson et al., 2011) . Fire-scar studies covering the last ca. 0.6-0.2 ka BP indicate that human activities have been a major cause of ignition in Fennoscandia (e.g., Niklasson and Drakenberg, 2001; Niklasson et al., 2002; Wäglind, 2004) . Human-induced fire activity in southern Sweden during the late Holocene was described from a number of studies of peat sediments from forest hollows and small peat bogs (e.g., Björkman, 1996; Lagerås, 1996 Lagerås, , 2000 Niklasson et al., 2002; Lindbladh et al., 2003 Lindbladh et al., , 2008 . The fire history of the last 7000 years was also documented by microscopic charcoal analysis at a few sites in southernmost Sweden (province of Skåne), and it was suggested that fire played a significant role in the transformation from a wooded to a more open landscape during the midHolocene, and also contributed to the maintenance of landscape openness through time . The first whole Holocene fire records in Sweden are those from Stavsåkra and Storasjö in the central part of the province of Småland (Figure 1 ; Greisman and Gaillard, 2009; Lemdahl, 2009, 2010; . The record from Storasjö ) is the first continuous macrocharcoal (macro-C) record in Scandinavia obtained using the standard method developed by the research group of Scott Mooney in Sidney, Australia (Mooney and Redford, 2001; Black and Mooney, 2006) .
In this paper, we present the major results from new (Cui, 2013) and previous (Greisman and Gaillard, 2009; ) studies of fire history over the last 11000 years (Holocene) in southern Sweden based on palaeoecological analyses of peat sequences from three small peat bogs. The main objective of the paper is to emphasize (1) the value of multiple, continuous sedimentary records of macroscopic charcoal for the reconstruction of local to regional past changes in fire regimes, (2) the importance of multi-proxy records (here pollen, plant macrofossils, beetles and charcoal) to cross-check interpretation of the proxies in terms of fire and human-impact history, and (3) the advantage of model-based estimates of plant cover from pollen data to assess the role of tree composition and human impact in fire history. We present and discuss a few examples from the extensive studies in Cui (2013) to illustrate the three points above and propose that this type of research strategy canand should-be applied (whatever geographical location) in any study interested in the relationships between fire and climate, local characteristics in e.g., vegetation, and human activities.
Study area
The study area is located in the central part of the Småland province, southern Sweden (Figure 1 ). The area is rich in lakes, peat bogs, and wetlands. The present land-use is dominated by forestry on soils unsuitable for agriculture owing to high amounts of barren bedrock, large boulders, and stone-rich soils. Cultivated land and meadows occur on suitable soils. The bedrock consists of Småland granite and the Quaternary deposits of acid moraine and gravelly till (Daniel, 1994 (Daniel, , 2002 . The region is characterized by a humid-temperate, continental climate with relatively warm Figure 1 Location of the investigation area in southern Sweden (b) and the three study sites (red dots in (a) and (b)) and earlier studies mentioned in the text ((a) and (b)). ① Lattok, Lövnäs and Raigejegge Lakes (Carcaillet et al., 2007) ; ② Lilla Gloppsjon Lake (Almqvist-Jacobson, 1994); ③ Ljustjarnen Lake (Almqvist-Jacobsson 1994 , 1995 ; ④ Sävkrars Peat (Von Stedingk, 1999) ; ⑤ Fire scars on Pinus sylvestris trees in Northern Sweden (Niklasson et al., 2002) ; ⑥ Elferdalen peat (Tryterud, 2000) ; ⑦ Solsø Lake; ⑧ Skånsø and ⑨ Kragsø (Odgaard, 1994) ; ⑩ Kontolanranhka bog; ⑪ Männikjärve bog (Sillasoo et al., 2011 ) . NO, Norway; SE, Sweden; DK, Denmark; FIN, Finland; RU, Russia; EE, Estonia; LT, Latvia; LV, Lietuvos. (b) Study sites, small bogs (red dots) and large lakes (blue dots): STV, Stavsåkra; STR, Storasjö; NT, Notteryd; T, Trummen; K, Kansjön. Earlier studies mentioned in the text: B1, Bocksten (Björkman, 1996) ; B2, Biskopstorp Reserve: Trälhultet, Holkåsen, Kalvaberget (Lindbladh et al.,2008) ; B3, Bohult (Bradshaw et al., 1997) ; D1, Djäknabygd and N, Nissatorp (Lindbladh and Bradshaw, 1998) ; D2, Dömestorp (Hannon, 2002) ; E1, Ekenäs (Valdemardotter, 2001 ); E2, Eriksberg (refer to Bradshaw, 2010) ; F, Flahult (Björkman, 1996) ; H1, Hamneda (Lagerås, 2000) ; H2, Hällefors, H3, Häggenäs, H, Hälledam, and V, Vashus (refer to Bradshaw, 2010); HA, Hornsö-Allgunnen area and S3, Skärsgölarna (Lindbladh et al., 2003) ; NS, northwestern Skåne (Lagerås, 2007) ; O, Osaby out-field (Lindbladh, 1999); K1, Killeröd (Hannon and Gustafsson, 2004) ; K2, Kåremosse (Hannon et al., 2008) ; R1, Ryfors (Carlson, 1996) ; R2, Råshult in-field (Lindbladh and Bradshaw, 1995) ; S1, Siggaboda (Björkman and Bradshaw,1996) ; S2, Suserup (Hannon et al., 2000) ; T, Torup forest (Hultberg, 2008). summers, cold winters, and average precipitation. The study area is located in the hemiboreal vegetation zone of southern Sweden and comprises an enclave of southern boreal vegetation, the Småland Uplands (Ahti et al., 1968) . The hemiboreal zone is characterized by the occurrence of beech (Fagus sylvatica) and spruce (Picea), while beech is not represented in the southern boreal vegetation.
Three small bog sites (ca. 2 ha in area), surrounded by different modern landscapes and with different recent land-use history, were selected for this study (Figure 1 ):
(1) Stavsåkra bog (STV: 57°01′27″N, 14°48′47″E, 187 m a.s.l.) is located in the hemiboreal vegetation zone. It is surrounded by pine (Scots pine, Pinus sylvestris) forest, and the regional landscape is dominated by agriculture (grazing and crop cultivation) and forestry (plantations of spruce (Picea abies) and pine). The vegetation on the bog consists mainly of pine and Ericaceae (heather family, dominated by Vaccinium species, e.g., blueberry, cowberry, and rare Calluna vulgaris (heather)), with some Betula pendula (silver birch). The Quaternary deposits are characterized by silty-sandy till (Daniel, 1994 (Daniel, , 2001 .
(2) Notteryd bog (NT: 56°54′47″N, 14°53′8″E, 186 m a.s.l.) is located in the hemiboreal vegetation zone. The modern vegetation is characterized by deciduous trees mixed with pine and planted spruce. Summer green trees are represented by silver birch (dominant), hazel (Corylus avellana), linden (Tilia cordata), oak (Quercus pendula) and beech. The bog is overgrown by pine (dominant) and some birch. Ericaceae are common. The Quaternary deposits are characterized by silty-sandy till and large boulders (Daniel, 2001) .
(3) Storasjö bog (STR: 56°56'N, 15°16'E, 225 m a.s.l.) is located in the southern boreal zone. The modern vegetation is dominated by pine woodlands of various ages. The bog surface is covered by Sphagnum (peat moss) with some heather and other Ericaceae. The Quaternary deposits are characterized by gravelly till with large boulders (Daniel, 2002) .
Methods

Sampling in field and dating of the peat cores
Peat cores were extracted using a Russian peat sampler (10 cm in diameter; 100 cm in length) at selected points where the peat deposit was assumed to cover most of the Holocene.
Two parallel profiles were obtained at each site by overlapping cores in order to get sufficient material for 14 C dating and palaeoecological analyses. At Stavsåkra, one core was extracted in 2005 for pollen (including microscopic charcoal), plant macrofossil (including macroscopic charcoal) and beetle analysis (Greisman and Gaillard, 2009; Olsson and Lemdahl, 2009) . A second core was sampled in 2009 at the same location in the bog (ca. 5 m from the 2005 core) for continuous macro-C analysis following the Australian method (Mooney and Redford, 2001; Black and Mooney 2006) (Cui, 2013) . At Storasjö and Notteryd (Cui, 2013 ) the core extractions were performed in 2007 and 2010, respectively.
Five cm-thick samples of peat were taken continuously in the peat profiles from the three sites for plant macrofossil and beetle analysis, and for 14 C dating. All samples were socked in 10% NaOH for 24 h and then washed on sieves with mesh sizes of 0.25 and 0.5 mm. The material used for AMS 14 C dating was sorted out under a binocular microscope from the samples richest in terrestrial plant remains or Sphagnum leaves. The preferred material for dating was Sphagnum leaves, followed by birch (leaves, fruits, and seeds) and charcoal. The AMS radiocarbon dating was performed at the Ångström Laboratory, Uppsala University. The age-depth models are constructed using a large number of 14 C dates, 15 for Stavsåkra 2005 (Greisman and Gaillard, 2009) , 15 for Stavsåkra 2009 (Cui, 2013) , 17 for Storasjö , and 14 for Notteryd (Cui, 2013) . The software "Bacon", a flexible Bayesian age-depth modeling tool (Blaauw and Christen 2011) , was used to construct the age-depth models applied for the chronologies of Stavsåkra 2005 , 2009 and Notteryd (Cui, 2013 (Figure 2 ). The chronology of Storasjö is based on an age-depth model established using a Bayesian approach developed by Lanos (2004) (Figure 2 ).
Pollen analysis
One cm 3 peat was sampled for pollen analysis. Pollen preparation followed the standard methods (Berglund and Ralska-Jasiewiczowa, 1986 ). Spikes of Lycopodium spores were added for calculation of pollen concentrations (grains cm ) and pollen accumulation rates (PAR, grains cm −2 a −1 ) (Stockmarr, 1971 ) using the Tilia v 1.7.16 (Grimm, 1990) . Pollen grains were counted up to a sum of minimum 500 grains for each sample and pollen identification was achieved using the keys by Moore et al. (1991) , Beug (2004) and Punt (1976 Punt ( -2003 , and the reference collection at the Paleoecological Laboratory of the Department of Biology and Environmental Science, Linnaeus University.
Pollen-inferred LRA reconstruction of vegetation cover
The pollen records from the three study sites Stavsåkra 2005, Notteryd, and Storasjö were used for a quantitative reconstruction of vegetation cover using the Landscape Reconstruction Algorithm (LRA, Sugita 2007a,b) . Based on the theoretical understanding of pollen deposition and dispersal, the LRA was shown to successfully estimate plant abundance from pollen records in small sites through a two-steps modelling approach ( Figure 3 ): (1) pollen records from large sites (≥10 2 ha) are used to estimate regional plant cover at a spatial scale of 10 4 -10 5 km 2 using the REVEALS (Regional Estimates of VEgetation Abundance from Large Sites) model (Sugita, 2007a) ; and (2) pollen records from small sites (<10-10 2 ha) are used to estimate local plant cover within the Relevant Source Area of Pollen (RSAP sensu Sugita, 1994) using the LOVE (LOcal Vegetation Estimates) model (Sugita, 2007b) . The RSAP is the key parameter in the LOVE model to estimate the local plant abundance. The definition of the RSAP is the distance from the center of a lake/bog for which the pollen-vegetation relationship does not improve and the background pollen remains the same within a given landscape (Sugita, 1994) . It is also the smallest area around a site for (Sugita 2007a,b) . The LOVE (LOcal Vegetation Estimates) model requires pollen counts from small sites (area<10-100 ha), and regional vegetation composition estimated by the REVEALS (Regional Estimates of VEgetation Abundance from Large Sites) model to estimate the Relative Source Area of Pollen (RSAP) of the small sites and estimate the plant abundance at individual sites. Pollen productivity estimates (PPEs) and fall speed of pollen (FSP) are required by both models (REVEALS and LOVE). The PPEs and FSP used for southern Sweden are listed in Table 1. which vegetation abundance can be estimated by the model using fossil pollen records (Sugita, 2007b) . The RSAP is calculated by the LOVE model using the REVEALS estimates of regional vegetation. The application of the LRA requires that values of pollen productivity estimate (PPE) and fall speed of pollen (FSP) are available ( Figure 3 ; Table  1 ). The LRA was tested and validated in northern America (Sugita et al., 2010) , Denmark (Nielsen and Odgaard, 2010; Overballe-Petersen et al., 2013) , and southern Sweden (in the province of Skåne (Mazier et al. in Fredh, 2012) and in the study area of this paper (province of Småland, Cui et al., 2014) .
Charcoal analysis
Microscopic charcoal on pollen slide
Microscopic charcoal (≥10 m-< 0.25 mm) was counted on the pollen slides simultaneously with pollen and spores. Accumulation rates (particles cm
) of microscopic charcoal were calculated as for pollen (see above).
Continuous macro-C records
Macro-C analysis was performed following the method developed by Scott Mooney's research group (Black and Mooney, 2006; Mooney and Maltby, 2006; Black et al., 2007) (Figure 4 ).
Handling of macro-C records using the CharAnalysis program
To estimate the number of fire events, the charcoal concentration and accumulation rate (CHAR, number or area of charcoal fragments cm −3 and cm
, respectively) were calculated using the computer program CharAnalysis (Higuera et al., 2008) . In CharAnalysis, CHAR is composed of two components, C background and C peak . The background component is assumed to represent low-frequency trends (Nielsen, 2004) . t, type (pollen-morphological type). After .
Figure 4
Flowchart of the methodology for Macro-C image analysis: Continuous 2-cm 3 samples were taken from the cores and dispersed in 30 mL 5% sodium hypochlorite solution for at least 24 h to remove the pigments from organic matter. After the bleaching process, the samples were washed through a 0.25-mm-wide sieve mesh and the charcoal fragments sorted out under a stereo-microscope and put into a petri dish. Each petri dish was photographed on a light board (Gepe Slim Light 2003) using a camera Nikon D80s. The number and area of charcoal fragments in each sample were measured using the image-analysis software Scion Image for Windows (version 4.0.3.2).
reflecting changes in the rates of charcoal production, secondary transport, sediment mixing, and sediment sampling (Higuera et al., 2008) . The peak component is assumed to be the high-frequency variations representing the local fires in the study area. The fire events at Storasjö are based on the C peak component from the CharAnalysis output . Because concentrations and accumulation rates of macro-C in the Notteryd and Stavsåkra 2009 profiles were generally low-and therefore the estimates of C background were extremely low-we did not take C background into account and present the total macro-C. The C background component was also relatively small at Storasjö, however larger than at Notteryd and Stavsåkra 2009.
Results
Chronology
Chronologies used in this paper are presented in Figure 2 . All ages are given in calibrated 14 C ka BP. The age-depth models exhibit a classical shape for the Holocene sediment and peat deposits of southern Sweden, provided there are no interruptions (hiati) of accumulation (e.g., , with high lake sediment Accumulation Rates (AR) at the beginning of the Holocene, lower and more stable peat AR 9-2 ka BP, a progressive increase in peat AR after 2 ka BP, and high peat AR from 1 ka BP.
Pollen percentages and LRA estimates of plant abundance
Pollen percentages and LRA estimates of tree abundance
The pollen records (percentages, concentrations and PAR from Stavsåkra 2005) were presented in Greisman and Gaillard (2009 ), of Stavsåkra 2009 and Notteryd in Cui (2013 , and of Storasjö in Greisman (2009) . In this paper we present only the pollen percentages of a few selected trees from the three sites for comparison with the LRA reconstructions of plant cover ( Figure 5 ). The pollen-based LRA estimates of plant cover at Stavsåkra and Storasjö are presented and discussed in detail in Cui et al. (2013) , and at Notteryd in Cui (2013) . Here we present the results for a few selected trees and groups of herbs to illustrate our discussion on the usefulness of quantitative reconstruction of plant cover in the context of the interpretation of charcoal records in terms of fire history (Figures 5 and 6 ).
There are very large differences between pollen percentages and LRA estimates of plant abundance/cover within the relevant source area of pollen (RSAP) at the three sites, which is shown in Figure 5 for the three dominant tree taxa Pinus, Betula, and Corylus. The RSAP varies between ca. 500 and 3000 m radius from the center of the sites.
Pinus has much lower LRA estimates than pollen percentages at Stavsåkra and Notteryd, but only for part of the Holocene at Storasjö where it has similar or higher LRA estimates than pollen percentages 10-9 ka BP, and 6-0 ka BP. Betula has significantly lower LRA estimates than pollen percentages over most of the Holocene, except 6.5-4 ka BP at Stavsåkra and 10.5-9.5 ka BP at Storasjö. In contrast, Corylus has significantly higher LRA estimates than pollen percentages over the entire Holocene at Notteryd and Storasjö (except 11-9.5 and 1.5-0 ka BP at Storasjö). But at Stavsåkra the LRA estimates are lower than pollen percentages over most of the Holocene, in particular 11.5-9.5, 6-4.5, and 1-0 ka BP. It is also noteworthy that the between-site differences in LRA estimates are not necessarily the same as the between-site differences in pollen percentages. For instance, although pollen percentages of Pinus are generally higher at Stavsåkra than at Storasjö, the LRA estimates of Pinus are instead higher at Storasjö than at Stavsåkra. The opposite relationship is found for Betula: pollen percentages are higher at Notteryd and Storasjö than at Stavsåkra, but the LRA estimates are larger at Stavsåkra than at Storasjö (all Holocene except 11-9.5 ka BP) and Notteryd (mid Holocene). Finally, the LRA estimates of Corylus are very similar at Stavsåkra and Storasjö, whereas the pollen percentages are significantly higher at Stavsåkra than at Storasjö. The LRA estimates of Corylus at Notteryd are significantly different from both Stavsåkra and Storasjö.
3.2.2
Between-sites differences in LRA estimates of plant/vegetation abundance A comparison between the three sites of the general trends of the LRA estimates over time for the main trees (Pinus, broadleaved trees (Quercus, Ulmus (elm), Tilia, Fraxinus), Betula, and Corylus), herbs (total herbs except cereals), and cereals show both similarities and dissimilarities (Figure 6 ). Stavsåkra and Notteryd are most similar in terms of the general changes in LRA estimates of plant/vegetation abundance over the Holocene. Hazel starts to increase 10.5-10 ka BP and reaches its highest cover 9.5-9 ka BP before decreasing from 6.5-6 ka BP to reach very low values around 5 ka BP and increase again after 4.5 ka BP. There is also a similar Late Holocene history of birch at the two sites with a decrease from 5-4.5 ka BP, very low values 3-2 ka BP, a new increase to higher values (especially high at Notteryd) 1.5-1 ka BP, and a final decrease to very low values after 1 ka BP. Linden increases from ca. 7 ka BP at both sites but reaches positive LRA estimates only at Stavsåkra (40%-10% cover) from 6.5-6 ka until 3-2.5 ka BP. However mean LRA estimates are also highest (5%-15% cover) 6-4 ka to 3-2.5 ka BP at Notteryd. Compared to Storasjö, pine is very badly represented in both Stavsåkra and Notteryd, with no values different from zero at Stavsåkra and, at Notteryd, values different from zero only in the early (10.5-10 ka BP) and late (0.5-0 ka BP) Holocene. Regular occurrences of human-impact indicators start at both sites 3-2.5 ka BP. The major differences between Stavsåkra and Notteryd are (1) the great dominance of hazel 10-6.5 ka BP, whereas it is more abundant than birch only between 9.5 ka and 8.5 ka BP and birch reaches 30% cover already 8.5-8 ka BP at Notteryd, and (2) the abundance of Calluna vulgaris 10.5-7 and 3-0 ka BP at Stavsåkra, whereas heather has a very low cover at Notteryd during both the early and late Holocene.
The vegetation dynamics at Storasjö is very different except for hazel with a similar story as in the Växjö area, except that it was present locally later, from 9.5 ka BP instead of 10.5 ka BP at Stavsåkra (Greisman and Gaillard, 2009) and Notteryd. Birch was not abundant at Storasjö except 11-10 ka BP, and it was probably present locally with up to 10% cover only 6-4 ka BP during the mid Holocene. There is very little birch at the site today. There was also very little or no alder, whereas it was present 8.5-1.5 ka BP with 5%-30% at Notteryd and up to 15% at Stavsåkra. Pine was present from 10.5 ka BP throughout the Holocene, and there were no broad-leaved trees locally except perhaps rare linden and Ulmus trees (Cui et al., 2013) . Heather was present through the entire Holocene with values up to 15% before 4.5 ka BP, increasing cover until 3-2.5 ka BP and high cover 1.5-1 ka to 0.5-0 ka BP. Plantago lanceolata narrowleaf plaintain may have occurred as early as 4.5-4 ka BP, but the regular occurrence of human-impact indicators starts from 2.5-2 ka BP.
Microscopic charcoal and macro-C analysis
All results of microscopic charcoal and macro-C analysis are discussed in detail in Cui (2013) for the three sites. In this paper, the purpose is to provide a synthesis of the long-term broad trends in charcoal records and fire history in the study region. Therefore, we show only part of the results, i.e., the three records of (1) The macro-C record of Stavsåkra (2009) exhibits times of very frequent to frequent fires ca. 11.5-8.5, 7-6.5 and 0.5-0.1 ka BP, and minor isolated fire events ca. 7.5, 6.2 and 4.2 ka BP (Figure 7(a) ). The correlated microscopic charcoal record of Stavsåkra (2005) shows peaks in accumulation rates ca. 11-10.5 (3 peaks), 9.3 (1 peak), 8.9 (1 peak), 7-6.5 (4 peaks), and 2.8-1.5 ka BP (5 peaks).
At Notteryd, in spite of the low time resolution of the microscopic charcoal analysis, the general trends are in good agreement with the macro-C record. In particular, the high values of microscopic charcoal between ca. 9.2 and 5.5 ka BP correspond to a time of relatively frequent peaks of macro-C peaks, the low values of microscopic charcoal values at 4.2 and 2.8 ka BP to a period of very low frequency of macro-C peaks 5.2-2.4 ka BP, and high values of microscopic charcoal ca. 0.5-0.05 ka BP to a period of high frequency of macro-C peaks (Figure 7(b) . Moreover, the peaks of microscopic charcoal at ca. 8.8, 2.1, 0.5 and 0.05 ka BP may correspond to the same fire events/episodes than the macro-C peaks at ca. 9, 2.4, 0.4 and 0.05 ka BP. In terms of comparison of the records of microscopic charcoal and macro-C, the study at Storasjö (Figure 7(c) ) is the best example among the three studies because the timeresolution of the record of microscopic charcoal is higher than in Notteryd, and both records are from the same core, whereas they are from different cores for the site of Stavsåkra. The two records show a good general agreement between the records of microscopic and macro-C for the following trends: (1) high frequency and high peak values ca. 9.1-5.8 ka BP, (2) high frequency but generally lower peak values ca. 5.8-3.8 ka BP, (3) generally very low values ca. 3.8-2.5 ka BP, and (4) high frequency and high peak values ca. 2.5-1.6 ka BP. There are high frequencies and peak values of macro-C only ca. 10.5 -10.1 and ca. 0.9-0.1 ka BP, and a peak of high values of microscopic charcoal only at ca. 10.8 ka BP. The record of microscopic charcoal is not continuous which may explain that it doesn't exhibit higher peak values corresponding to the very high peak values of macro-C at 8.5, 7.3 and 1.5 ka BP.
Given the uncertainties embedded in the three chronologies that may imply errors on the ages of specific levels of ± 100-250 years, a tentative correlation of the microscopic and macro-C records from the three sites (Figure 7) can be proposed. The major similarities between the three sites are as follows: (1) periods of very frequent and high peak values of macro-C ca. 11-10.5 ka BP (10.2 ka BP at Storasjö) and slightly higher microscopic charcoal values at Notteryd 11-11.3 ka BP, i.e., occurrence of episodes (not entirely synchronous between sites) with high frequency of peak values between ca. 11 and 10 ka BP; (2) synchronous periods of frequent and high peak values of macro-C and microscopic charcoals (not necessarily synchronous) ca. 9-8.5 ka BP; (3) quite frequent peak values of macro-C and microscopic charcoal 7.5-5.5 ka BP, with a high peak ca. 7 ka BP at Stavsåkra and Notteryd and two peaks at 7 and 7.4 ka BP at Storasjö; and (4) few peak values of macro-C and microscopic charcoal ca. 2.5-1.5 and ca. 0.8-0.1 ka BP (last peak at ca. 0.3 ka BP at Stavsåkra). The major dissimilari- ties between the sites are (1) the lack of frequent high peak values of macro-C at Notteryd 11.5-10 ka BP (10.8-9.3 ka BP for microscopic charcoal), (2) the frequent high peak values of macro-C at Storasjö after 7 and until 4 ka BP (until 5.5 ka BP for the microscopic charcoal), (3) the very low values of microscopic charcoal at Stavsåkra ca. 9-7 ka BP, (4) the lack of macro-C peaks at Stavsåkra 2009 ca. 2.8-1.5 ka BP, and (5) the very high values of microscopic charcoal at Notteryd ca. 0.5-0.1 ka BP and a very high value peak of macro-C at ca. 0.4 ka BP.
Within each of the major periods described above, detailed correlation of single peaks of microscopic charcoal and macro-C is not possible due to the uncertainties in the chronologies. However, some periods of high frequency of charcoal peaks may have been synchronous between sites and representative of the entire region ca. 10.8-10.2, 9.3-8.5, 7.3-6.8, 2.5-1.5 (?), and 0.7-0.2 ka BP. Cui (2013) compared and evaluated the macro-C charcoal records expressed as area (mm 2 ) or number per cm 2 per year for several size classes of charcoal fragments. The common recommendation of using charcoal area (or weight/mass) rather than number relies on the idea that a large number of small fragments will not necessarily represent a major fire event. Most studies on charcoal dispersal and deposition suggest that larger, heavier charcoal fragments are deposited closer to the fire edge and represent local fire, whereas smaller, lighter fragments are transported over longer distances and would indicate regional fire (e.g., Clark et al., 1998; Tinner et al., 1998; Ohlson and Tryterud, 2000; Carcaillet et al., 2001; Gardner and Whitlock, 2001 ). However, all available studies reveal the difficulty of providing precise recommendations on the size class(es) to use in order to separate local from regional fire. Moreover the spatial scale (in quantitative terms) of a local versus regional fire event is seldom clearly defined. Cui (2013) shows that almost all charcoal peaks in the macro-C records (area) of small size classes (0.0625-0.25 mm 2 and <0.0625 mm 2 ) have equivalent peaks in the records of large size classes (>0.25 mm 2 ). Therefore, Cui (2013) suggests that, in the case of the studied sites, it is not possible to separate local (100 m to a few km around the coring point) from regional (>10 km from the coring point) fires. The charcoal fragments >0.25 mm 2 capture all the information on fires, and combining area and number of charcoal fragments >0.25 mm 2 is a powerful method to interpret the charcoal record in this case. Using only area of a single or several fragment size-class(es) may lead to misinterpretation, as area does not inform on the size of individual fragments within the chosen size fraction(s).
Discussion
Fire history: methodological issues
Size classes of charcoal fragments, charcoal number and area
Moreover, the representation of a fire event at a site is not only dependent on the size and strength of the fire(s) and the distance between the fire(s) and the site. Wind strength and direction, the material that burned, and taphonomic processes during the transport, deposition and preservation of the charcoal fragments are three other factors that also might have played a significant role. The charcoal record obtained from a peat sequence at a particular point of a bog is the result from the sum of all these factors. Cui (2013) also suggests that the combination of microscopic charcoal analysis on pollen slides and continuous macro-C analysis following Black and Mooney (2006) might be the optimal way to retrieve most of the charcoal information preserved in a bog site.
Representativeness of a single charcoal record for a site and a region
The representativeness of a single charcoal record from Holocene peat deposits was investigated by comparing macro-C records from (1) the same core (Notteryd), (2) parallel cores within the same site (ca. 50 cm and 5 m between the cores, Stavsåkra), and (3) different sites in the same vegetation zone (ca. 10 km between the sites Stavsåkra and Notteryd in the hemi-boreal vegetation zone) (Cui, 2013) . The results suggest that (1) parallel charcoal records from the same core or parallel cores separated by a few meters are comparable and, therefore, a single record is broadly representative for the site; (2) comparison of distant profiles within a site (here ca. 5 m apart at Stavsåkra) strongly depend on the reliability of the profiles' chronologies; and (3) a single record from Notteryd or Stavsåkra is likely representative of the entire region for long-term, general trends, i.e., high fire activity around 9 and 7 ka BP, very low fire activity between 7 and ca. 3 ka BP, and after 3 ka BP some periods (although not synchronous between the sites) with higher fire activity than during the preceding phase.
Fire history: synthesis
Based on all charcoal records at hand from the three sites (Figure 7 and Cui, 2013) , it is possible to infer a relatively robust interpretation in terms of fire history in the study region, i.e., periods of frequent or infrequent fires (long-term fire regimes) and shorter-term events/episodes of high fire activity. During the early Holocene fires were frequent at Stavsåkra and Storasjö between 11 and 10 ka BP, which indicates that fire was common in the entire study region, but fire episodes and/or events were not necessarily synchronous. The fire event/episodes at around 7 ka BP, and possibly also 2.5 ka BP, at the three sites might represent a synchronous period of major fires in the study region, the first one of climatic origin and the second one due to human activities . In contrast, the mid-Holocene period is characterized by very few fires 6.5-2.5 ka BP at Stavsåkra and Notteryd (hemiboreal vege-tation zone), whereas fires are still frequent (although less intense/numerous) at Storasjö 6.5-4 ka BP. The two last charcoal peaks in the Notteryd and Stavsåkra records are most probably related to the large documented fires of the town Växjö during the late 16th and early 17th centuries, and during the 18th and early 19th centuries, respectively.
The interactions between fire, vegetation and land use
The Landscape Reconstruction Algorithm (LRA, Sugita 2007a and b) was applied on the three sites in order to estimate the cover of individual tree taxa and the woodland/vegetation openness at the local spatial scale, i.e. within the relevant source area of pollen (RSAP sensu Sugita, 1994) of each site. The attempt at quantifying the vegetation cover around the sites was motivated by the objective of the study to disentangle the possible role of vegetation and human impact (land use) on the fire history at each site (Cui, 2013) . The LRA was first tested for the region by applying the approach on pollen data from the 17th century to modern time and comparing the LRA estimates of cover of different vegetation types with quantitative information extracted from historical maps (Cui et al., 2014) .
Test of the LRA in the study region and insights on the representation of vegetation openness in pollen assemblages
Sources of error in both historical map-and LRA vegetation data and their implications for the testing of the LRA are discussed in earlier tests (Hellman et al. 2008a and b; Nielsen et al., 2012; Fyfe et al., 2013; Overballe-Petersen et al., 2013; Mazier et al. in Fredh, 2012) . The LRA approach is a multi-step process using several parameters and, therefore, implies propagation of uncertainties. Sources of errors might be related to the number and distribution of sites, size and type of accumulation basin, PPEs, FSPs, size of the pollen counts, and chronological control of the pollen counts. The sources of error in the maps data are related primarily to the interpretation of the original maps and attached descriptions in terms of land use/vegetation categories and plant composition, and their harmonization between maps. Given that the sources of errors are numerous in both the extraction of land-use/vegetation data from the maps and the LRA reconstructions, the agreement between the two is strikingly good in many of the tests performed in Europe, including our study region (Cui et al., 2014) . Therefore, the performance of the LRA is reasonable in our study area and is useful to reconstruct the cover of woodland, grassland (+ cultivated land) and wetland at the local spatial scale. The LRA is so far the soundest approach to pollen-inferred landscape reconstructions as it provides reasonable reconstructions for historical times.
Pollen of Calluna is frequent at both Stavsåkra and Storasjö, in particular during the late Holocene (Figure 6 ).
The fact that Calluna can grow in different vegetation types in the study area-i.e., conifer forests, bogs and grazed heaths-has long been an issue in the interpretation of pollen data (percentages as well as pollen accumulation rates) from the region in terms of vegetation and cultural landscape history (e.g., Gaillard et al., 1994; Regnéll et al., 1995; Lagerås, 2000; Gaillard, 2013) . The test of the LRA in the study area (Cui et al., 2014) provided the useful information that, in historical times, Calluna grew primarily in open grazed areas (Calluna heaths) in the surroundings (RSAP ca. 2 km radius around the site) of Stavsåkra bog, whereas it grew both in the pine woodlands and in open grazed heaths around Storasjö bog. Another useful insight relate to the reconstruction of the cover of cultivated land in the past. The LRA estimates of the cover of cultivated land includes the cover of cereals only (Cerealia (cereal) type, Hordeum (barley) type, Triticum (wheat) type, Secale cerealia (rye)) because they are the only cultivated plants for which pollen productivity estimates are available. Therefore, the LRA estimates will often under-represent the actual cover of cultivated land, which is confirmed by the test of the LRA in the study region. Moreover, because pollen from cereals are generally not found in large amount, the error estimates may be large and the LRA values often not different from zero. The cover of cultivated land will probably always be difficult to quantify properly from pollen data as most cultivated plants that can be separated from wild plant taxa have low pollen productivities and/or poor pollen dispersal.
Holocene vegetation and land-use history at three sites in central Småland and fire-vegetation-land use relationships
The LRA-based RSAP for Storasjö, Notteryd and Stavsåkra, i.e. the smallest spatial scale for which the LRA reconstructions of plant abundance are reliable (Sugita, 1994) , varies through the Holocene between ca. 0.5 and 3 km radius, mostly between 1 and 2.5 km. For pre-historical time, comparison of the LRA results with other proxies of local vegetation may be a mean of evaluating the between-taxa ranking and relative temporal changes of LRA estimates. It is also a way to cross-check the soundness of both the LRA estimates and the interpretation of the macrofossil records. Cui et al. (2013) have shown that, at Stavsåkra, macroremains of pine (seeds and needles) and beetles feeding on pine are present mainly during the periods from 10.5 to 6.5 ka BP and from 0.5 ka BP until today and in lower abundance from 6.5 to 4 ka BP, 3.5 to 0.5 ka BP, and AD 500 to AD 1250. In contrast, pine was not detected using the LRA approach. This would suggest that either the source area of plant and beetle macro-remains was larger than the RSAP, or the LRA reconstruction underestimates the abundance of pine at Stavsåkra. At Storasjö, the LRA estimates of pine have values larger than zero over most of the Holocene, ranging between 10% and 50% cover, which is in good agreement with the abundance of remains from pine-dependent beetles. The combined LRA, macrofossil and beetle data suggest that birch was present at Stavsåkra during the entire Holocene and had high cover (20%-60%) during the mid-Holocene (6.5-3 ka BP), whereas it had much lower cover (5%-10%) at Storasjö from 6 ka until today. Birch may have been absent at Storasjö from 9 to 6 ka BP.
The LRA estimates clearly show between-site differences in woodland composition during the mid-and late Holocene. Because pine has long been a dominant tree in parts of our study area, the application of the LRA helped clarify an issue that neither pollen percentages nor PARs could solve (Cui et al, 2013 ). The periods with major differences in fire histories ca. 5000-2000 BC and ca. 1500 BC-AD 1000 are characterized by high abundance of pine and low abundance of birch and linden at Storasjö, whereas the abundance is low for pine and high for birch and linden at Stavsåkra and Notteryd. The significant difference in tree composition might explain the contrasting fire histories at the sites. Considering that between-site differences in geological and geomorphological settings at the two sites probably did not change significantly since the early Holocene, they are a very plausible explanation to the contrasting tree compositions and woodland dynamics in the past at the three sites. Moreover, pine woodlands are generally more open than broad-leaved woodlands, and pine canopies allow more light to reach the ground than broad-leaved trees, which implies drier and more easily flammable litter in pine woodlands. Therefore, the probability of ignition and large fires is higher in pine than in broad-leaved woodlands, independently of between-site differences in lightning frequency.
The between-site difference in landscape/woodland openness is difficult to test in this study. Relatively high cover of Filipendula (dropwort) at Stavsåkra 4-1 ka BP (Cui et al., 2013) is the best available indication of possibly more open vegetation at Stavsåkra than at Notteryd and Storasjö. The interpretation of Calluna vulgaris and Cyperaceae is difficult, because these taxa can be characteristic of pine woodland, bogs or open meadows (Cyperaceae) and grazed Calluna heaths. Other herbs (except Poaceae) have too low abundances to provide useful information on the vegetation openness. Therefore, information from other sources-historical maps, archaeological data (Skoglund 2005; personal communication, in Greisman 2009 and , plant-and insect macroremains (Greisman and Gaillard, 2009; Greisman 2009; Lemdahl, 2009, 2010) was necessary to support the interpretation in terms of human impact and landscape openness.
The most obvious relationships between fire and human activities are found during the late Holocene from ca. 2.5 ka BP (Figure 7) . From that time, fires are more frequent than earlier at the three sites. The fire events/episodes are most likely due to land use, grazing in Calluna heaths at Stavsåkra, in relatively open woods at Notteryd (dominance of hazel and birch), and in Calluna heaths and open pine woods at Storasjö (dominance of pine) (Figure 6 ). The relationship between fire and human activities is further discussed below.
What tree taxa did burn? The few identified macro-C at Stavsåkra and Storasjö are published in . At Stavsåkra, charcoal of pine was identified at levels dated to 8.5-8.1 and 3.5-3 ka BP, and charcoal of oak at a level dated back to 3.5-3.2 ka BP. At Storasjö, charcoal of pine was found at 10. 6-10.5, 6.4-6.2, 4.8-4.5, 1-0.8 and 0.8-05 ka BP, birch at 6.4-6.2 and 4.8-4.5 ka BP, willow 4.8-4.2, and 1-0.8 ka BP, herbs at 6.4-6.2 and 4.8-4.2 ka BP, and Ericaceae at 1-0.8, 0.8-0.5 and 0.5-0.4 ka BP. These results confirm that pine was an important component of the forest at Storasjö and was often burning. Moreover, all findings of burned pine correlate well with peaks of macro-C. This data also indicates that broadleaved trees such as oak also burnt. The identified charcoal fragments at Notteryd are published in Cui (2013) . The results indicate that (1) birch was dominant at the site over most of the Holocene; (2) significant numbers of birch charcoal fragments were found at almost all times characterized by large or small peaks of macro-C; (3) the large number of charcoal from herb (monocotyledon) at 9.3 ka BP and willow at 9-8.8 ka BP suggests that birch was not abundant before 8.5 ka BP, which is confirmed by the pollen-based LRA reconstruction ( Figure 6 ); (4) beside birch, pine occurs with few fragments at all levels with birch, which implies that pine was locally present but not abundant, except for some periods with higher amounts of pine charcoal fragments 7.9-7.8, 2.3-2.1 ka BP, and AD 1540-1590; (5) charcoal fragments of alder were only found at levels between 3.6 and 2.3 ka BP, although alder was most probably present on the site from 8.5 ka BP, suggesting that alder did not burn or burned rarely in natural conditions; the large macro-C peak ca. 2.4 ka BP and large number of alder charcoal 2.5-2.3 ka BP might be due to a local particularly aggressive humaninduced fire that accidently reached the study site; and 6) the particularly strong fire signal dated to AD1540-1590 with the largest amounts of birch charcoal fragments and the largest macro-C peak is most probably related to the Danish wars against Sweden; hundreds of farms and the Växjö town were burnt down three times within 90 years during the sixteenth and seventeenth centuries, AD 1570, 1612 and 1658 (Larsson, 1991) . 
Regional and local fires: climate-induced or human-induced or both?
Our results suggest that several of the major periods of frequent fires are representative for the entire study region (central Småland), i.e., possibly 10.8-10.3 and 9.3-8.5 ka, and very likely 7.3-6.8 and 2.5-1.5 ka BP. The first three periods correspond to known times of climate-induced low lake-levels and higher mean annual temperatures in southern Sweden, before and after the 8.2 ka BP cold event. The periods of frequent fires from 2.5 ka BP appear to be mainly human-induced, although the Medieval Warm Anomaly may have had an impact on fire frequency (Marlon et al., 2010 ; microscopic charcoal data of Stavsåkra and Notteryd, macro-C of Storasjö).
The very low frequency or absence of fires ca. 6-4 ka BP at Notteryd and Stavsåkra (hemiboreal vegetation zone) corresponds to a time of regular fires (each 500-600 years) at Storasjö (southern boreal vegetation zone) that already started ca. 7.5 ka BP. Pine was not abundant in the vegetation of the Växjö area (see above and Figure 6 ), hazel decreased gradually and birch became dominant with its highest abundance 5.5-5 ka BP. The latter changes may be related to the degradation of climate in NW Europe as indicated by independent climate proxies in Scandinavian, i.e. increasing lake water-levels (Digerfeldt 1988; Gaillard and Digerfeldt, 1991) and advances of the South Norwegian mountain glaciers (Nesje et al. 2001 ) . In the pine-dominated vegetation at Storasjö, the climate change did not result in a change of fire regime, except that fires were perhaps less intense (progressively lower peaks of macro-C). In contrast, the more significant climate deterioration ca. 4 ka BP in southern Sweden, with a rapid increase in precipitations (within a few hundred years according to Hammarlund et al., 2003) , is related to an almost total absence of fires from that time until ca. 2.5 ka BP in the entire study region.
From 2.5 ka BP, fire history is governed mostly by local land-use: at Stavsåkra grazed Calluna heaths were managed with fire until at least AD 1800 ( Figure 6 ); at Notteryd, agriculture practiced at some distance from the study site (archaeological data) and the Danish wars during the 16th and 17th centuries are probably the main causes behind the frequent fires in the study area; at Storasjö the pine woods were grazed and fire was used to improve fodder in the woodland from at least the 17th century (dendro-chronologically dated fire scars on pine stumps; Wäglind, 2004) . The significant increase in human impact from ca. 2.5 ka BP (Late Bronze Age) is a regional feature already suggested by Lagerås (1996 Lagerås ( , 2002 and Berglund et al. (2002) for the Småland Highlands north of Växjö and by Berglund (1991) for the southernmost province of Sweden, Skåne.
Fire history in central Småland within the contexts of Scandinavia and Western Europe
The most comprehensive study of the late Holocene (the last 3000 years) fire in the temperate and hemiboreal zones of Scandinavia is that of Bradshaw et al. (2010) in southern Sweden and Denmark. They observed a general south-west to northeast gradient in fire behaviour across the region, with irregular small fires in the south-west generating few charcoal remains, and more regular, stand-replacing fires in the north-east. The latter is comparable to the difference we found between the Växjö area (Stavsåkra and Notteryd, West) and Storasjö (East), in particular between 9 and 4 ka BP.
Whether the fire history of the early and mid-Holocene in central Småland is representative for southern Sweden and Scandinavia in general is not possible to evaluate with the fire data available to date in the region. already showed the broad similarity between the Holocene fire records of central Småland and Europe as inferred from the Global Charcoal Database (Power et al., 2008) . The recent study by Molinari et al (2013) focusing on Europe and using a much larger dataset than Power et al (2008) indicates that the combined sedimentary charcoal records show little fire activity during the early and mid-Holocene compared with recent millennia. An increase in charcoal accumulation rates (CHAR, number of fragments cm 2 a 1 ) started ca. 3.5 ka BP and became higher than during the early Holocene ca. 2 ka BP. CHAR rose sharply from 0.25 ka BP, reached a maximum during the early Industrial Era and then declined abruptly. Over the whole Holocene, the long-term control of fire was best explained by anthropogenic land-cover change, litter availability and temperaturerelated parameters. The CHAR record of Molinari et al. (2013) also exhibits peaks ca. 9, 7.5-7 and 5.5-5 ka BP. The two first peaks correspond to periods of high fire frequencies in our study region and the last peak to the last high CHARs in Storasjö before a decrease to progressively lower CHARs until ca. 3 ka BP. Therefore, Cui (2013) suggests that there is a broad agreement in the Holocene fire history between southern Sweden and Europe, and that this overall development is characteristic of NW Europe and W Europe N of the southern Mediterranean area.
Conclusions
(1) A combination of charcoal analyses including counts of microscopic charcoal on pollen slides expressed in accumulation rates, continuous records of macro-C >0.25 mm 2 (grouped into several size fractions) expressed in accumulation rates of both number and area, and identification of charcoal fragments to plant taxa is the most powerful approach to achieve the best interpretation possible of charcoal data in terms of fire history.
(2) A single charcoal record from a Holocene deposit in the hemiboreal and southern boreal vegetation zones of Sweden is representative of the site's and the region's fire history for broad long-term Holocene changes in fire regime and major fire episodes/events; it is not representative of the site and region in terms of the detailed history of all fire episodes/events. Moreover, a single charcoal record is representative of the charcoal deposition within a very small area of the total surface of the deposition basin.
(3) The application of the LRA for quantitative pol-len-based vegetation reconstructions is very useful to estimate the cover of major trees and vegetation openness within the relevant source area of pollen (here a ca. 1-2.5 km radius area around each site), which in turn help to assess the relationship between fire and vegetation characteristics (tree composition and land use/openness). In the case of this study, the occurrence of pine in abundance played a very important role in the natural fire history of the site situated in the southern boreal vegetation zone, and land use was decisive for fire regimes at the sites from 2.5 ka BP (Late Bronze Age). (4) The broad patterns of Holocene fire history in central Småland, southern Sweden, and NW Europe north of the Mediterranean area are comparable and characterized by climate-induced high fire activity during the early Holocene, lower fire activity from ca. 6 ka BP (much lower from ca. 4 ka BP), and a human-induced increase in fire activity from ca. 2.5 ka BP (Late Bronze Age). The detailed changes in fire regimes are related to specific regional/local, natural environmental/vegetation characteristics, and regional/local land-use types involving fire.
